In 2008, strains of members of the genus Corynebacterium identified as Corynebacterium macginleyi isolates which expressed high-level fluoroquinolone resistance were recovered in Japan from specimens of patients who had ocular surgeries or presented with conjunctivitis (Eguchi et al., 2008) . In that same study, four strains from the same patient population were identified as Corynebacterium mastitidis; however, these had only 98.2 % identity by 16S rRNA gene sequencing to the type strain of C. mastitidis and less than 98 % identity to all other species of the genus Corynebacterium. This observation suggested that these four isolates may represent a possible species novum or species nova which was/ were closely related to C. mastitidis, a bacterium otherwise described as being recovered from sheep with mastitis (Fern andez-Garayzabal et al., 1997) . Isolates resembling members of the genus Corynebacterium recovered from human eye specimens in Zurich, Switzerland and Kortrijk, Belgium were also found by sequence-based identification methods to be most closely related to the Japanese C. mastitidis-like isolates. In this study, isolates from Switzerland, Belgium and additional ocular isolates from Japan were extensively tested and two novel species of the genus Corynebacterium were discerned, which we describe here as Corynebacterium lowii sp. nov. and Corynebacterium oculi sp. nov. Also, based on this testing, the description of C. mastitidis is emended.
Isolates were recovered from human patients with eye specimens from Japan, Belgium or Switzerland and were further studied in the Ghent (Belgium) and Winnipeg (Canada) laboratories. None of the four C. mastitidis-like strains described in brief by Eguchi et al., 2008 were available for further study here but nine additional Japanese strains consistent with those bacteria were investigated (Table 1) . No strains consistent with these taxa could be found among unidentifiable isolates of members of the genus Corynebacterium found in a Canadian collection (K. Bernard, data not shown). Table 1 had at least some biochemical testing performed in their originating countries; we elected to present phenotypic test results obtained at the National Microbiology Laboratory (NML). Performance and interpretation of conventional tube biochemical or other tests were as described previously (Bernard et al., 2002b) . API Coryne and API ZYM strips were used as described by the manufacturer (bioM erieux). Conventional biochemical tests or API panels were incubated at 36 C±1 C. These taxa were found to be difficult to definitively differentiate using tube-based conventional substrates alone and results were sometimes observed to differ, depending on the test platform used. Therefore each isolate was also assessed using a Biolog Gen III panel containing 94 biochemical substrates and the C1 test protocol for species of the genus Corynebacterium, as described by the manufacturer at 33 C (Biolog).
All isolates listed in

C. mastitidis LMG 19040
T and the novel isolates studied exhibited morphologies typical of members of the genus Corynebacterium; cells were short to medium Gramstain-positive rods, occurring singly, in palisades, pairs or in V-shapes. Colonies were observed to be similar to those described for C. mastitidis (Fern andez-Garayzabal et al., 1997) . All grew slowly at 37 C, 5 % CO 2 on 5 % Columbia base sheep blood agar (SBA, Acumedia/Neogen), with convex, smooth, opaque, grey-white or light beige, nonhaemolytic colonies. These had pinpoint, 2+ growth after 24 h, 3+ growth of a 0.5 mm colony at 48 h and were <1 mm in size after 72 h [assessment of growth described previously (Bernard et al., 2002b) ]. Strains grew 1+-2+ in nutrient broth with or without 6 % NaCl, in tryptic soy broth or agar (BD). Isolates grew equally well in air and 5 % CO 2 and all could grow under strictly anaerobic conditions. Strains could grow at 37 C and 42 C but not at 25 C. Growth was obtained for all isolates in BHIB supplemented with 1 % (v/v) Tween 80 compared with no visible growth in BHIB, which suggested that members of these species were lipophilic (Bernard et al., 2002b) . Biochemically, reactions for the two novel species were very similar to each other and to those described for C. mastitidis (Fern andezGarayzabal et al., 1997) . Results for biochemical results are shown in Table 2 0041305 (58.8 %, C. glucuronolyticum) . This is in contrast with values of 2100004 and 2101004 found previously (Fern andez-Garayzabal et al., 1997) , as interpreted after incubation at 37 C for 48 h.
MALDI-TOF MS analysis was performed for C. mastitidis LMG 19040
T , for both C. lowii strains and for five representative C. oculi isolates including R-50187 T , after growth for 48 h on 5 % sheep blood agar at 37 C in 5 % CO 2. Each isolate was extracted as described by Bruker (2011) and analyzed using software version 3.1. Spectra were compared with the Bruker Biotyper library (5627 entry ver) and evaluated using standard scoring. C. lowii and C. oculi isolates were found not to be identifiable (scores <1.6) with any species of the genus Corynebacterium but C. mastitidis LMG 19040 T could be identified as C. mastitidis (scores 2.0-2.4 to several entries for that species, including that for DSM 44356 T ). Subsequently, in-house mass spectral profiles (MSPs) were created for both C. lowii isolates and for five of nine C. oculi isolates, including C. oculi R-50187 T . In brief, each isolate after extraction was spotted ten times on a MTP 96 target polished steel plate, otherwise processed as per Bruker protocols and shot with the laser three times per spot, thereby creating 30 spectra per isolate. Using the Bruker MSP creation protocol (Bruker Daltronics, 2014) , the 30 spectra were analyzed for outliers, and 20-24 spectra deemed to be of the highest quality were selected for use to create a MSP for each isolate. All isolates were then retested against these in-house-created spectra. The two C. lowii strains were found to have log scores of 2.7 to each other but <1.5 to C. oculi and C. mastitidis; spectra for the five C. oculi isolates generated scores of 2.4-2.7 to each other but <1.5 to C. lowii and C. mastitidis. This suggests that these otherwise closely related species could potentially be discerned by MALDI-TOF MS analysis alone.
Antimicrobial susceptibility testing was done as outlined by CLSI methods for species of the genus Corynebacterium, using Table 5 Cellular fatty acid (CFA) composition analysis was analysed after growth on 5 % sheep blood agar at 35 C in 5 % CO 2 for 48 h. Each strain was extracted then analyzed at the NML using the Sherlock system (MIDI) (Bernard et al., 1991) except that version 4.5 of the MIDI software was used. Entries for the species nova were done using Library Generation System software (MIDI). Strains of both novel species and C. mastitidis LMG 19040 T had CFAs consistent with those described for members of the genus Corynebacterium, with the majority being straight-chain, saturated and unsaturated CFAs (Bernard & Funke, 2012) . The most prominent CFAs observed were (percentage of total CFA, rounded to nearest integer) C 16 : 0 (30 %), C 18 : 1 !9c (34 %) C 18 : 0 (19 %) for C. lowii and C 16:0 (29 %), C 18 : 1 !9c (33 %), C 18 : 0 (17 %) for C. oculi; tuberculostearic acid (TBSA) was 16S rRNA gene sequencing was performed on all isolates at the NML as previously outlined (Bernard et al., 2002a) generating >1450 bps per strain. 16S rRNA gene sequencing was also done by the Ghent laboratory for C. lowii strain R-50085 T and C. oculi strain R-50187 T and found to have 100 % identity with data obtained in Canada (not shown). 16S rRNA gene sequences of Japanese isolates, described by Eguchi (identifier, Genbank accession no.) for TBS-06 (AB359395), TBS-07 (AB359396), TBS-10 (AB359399) and TBS-19 (AB359408) (Eguchi et al., 2008) were found to be highly similar to (99.9-100 % identity with) other strains of C. oculi shown in Fig. 1 and all had 98.2-98.3 % identity to the type strain of C. mastitidis S- Table 2 . Phenotypic characteristics which differentiate Corynebacterium lowii, Coynebacterium oculis and Corynebacterium mastitidis* Strains: 1, Corynebacterium lowii sp nov (n=2); 2, Corynebacterium oculi sp nov (n=9, where reactions for R-50077 were observed to be more likely to be at variance with results found for other strains of this species); 3, Corynebacterium mastitidis LMB 19040 T acquired for this study. + (number of positive or reactive strains/total number of strains); À (number of negative or non-reactive strains/total number of strains); V, variable in that at least one strain had a reaction different from others in same species; ND, tube substrate was not examined by Fern andez-Garayzabal et al. (1997) . Reactions which varied using the Biolog system are described in Table S1 .
All strains grew in: nutrient broth; tryptic soy broth or agar; in air, 5 % CO 2 and anaerobically at 36 C±1 C on 5 % sheep blood agar (SBA) as well as at 42 C on SBA. All strains were positive for catalase, being lipophilic, producing urease and fermentation of ribose; and all had detectable esterase, esterase lipase and leucine arylamidase according to the API ZYM panel. All strains were negative for oxidase, fermentation of (using the tube method) xylose, mannitol, lactose, galactose and glycerol, citrate alkalinisation, nitrate reduction to nitrite, nitrite reduction to nitrogen, motility, CAMP or reverse CAMP, gelatin and tyrosine hydrolysis and had neutral/neutral reactions using Triple Sugar Iron slants (TSI), did not produce hydrogen sulphide in the butt or on paper; no strain grew at 25 C on SBA. Using the Biolog system, all isolates utilized glycerol; no strain utilized the following substrates:
arginine, L-galactonic acid lactone, D-gluconic acid, mucic acid, quinic acid, D-saccharic acid, p-hydroxyphenylacetic acid, bromosuccinic acid, g-aminobutyric acid, propionic acid and formic acid. In sensitivity tests, tetrazolium dye was not reduced at pH 5 nor in the presence of fusidic acid, D-serine (C12), troleandomycin, rifamycin SV, minocycline, lincomycin, guanidine HCl, niaproof 4, vancomycin, tetrazolium violet, tetrazolium blue or sodium bromate. The following were not detected using the API ZYM panel [reference number shown] lipase (5), valine arylamidase (7), cystine arylamidase (8), trypsin (9), a-chymotrypsin (10), a-galactosidase
Tube* glucose V (R-50085 T negative) + (9/9) + Tube fructose V (R-50084 negative) + (9/9) + Tube maltose V (R-50085 T negative) V (8/9) (R-50187 T positive) + Tube mannose À (0/2) + (9/9) + Tube glycogen V (R-50085 T negative) V (7/9) (R-50187 T positive) + Tube sucrose V (R-50085 T negative) V (7/9) (R-50187
+ (2/2) + (9/9) + ‡; À (this study) Acid phosphatase + (2/2) V (5/9); (R-50187 T negative) À Naphthol-AS-BI-phosphohydrolase + (2/2) V (4/9); (R-50187 T positive) + *tube, indicates testing done using tube biochemical test media as described previously (Bernard et al., 2002b) . †API ZYM reactions rated as 0 or 1 were considered as negative, 2 as weakly positive and 3-5 as positive. ‡Results which differed from those reported by Fern andez-Garayzabal et al. (1997) .
8 T (=LMG 19040 T , Genbank accession no. NR_026376). C. lowii strains had 99.9 % identity to each other, 97.3 % identity with the type strain of C. mastitidis S-8 T and 97.5-97.7 % identity with strains of C. oculi. Partial (trimmed to 408 bps) rpoB gene sequences prepared in Ghent or at the NML as described by Khamis et al. (2004) , were tested. By analysis of rpoB gene sequences, C. oculi strains had >99 % identity with each other, 94 % identity with C. mastitidis LMG 19040 T , 92 % to the C. lowii strains and <90 % identity with all other species of the genus Corynebacterium. C. lowii also had 94 % identity with C. mastitidis LMG 19040 T and <90 % identity with all other species of the genus Corynebacterium. Sequence alignment was done using Clustal W, manually edited, the relationships shown inferred using the neighbourjoining algorithm found in MEGA 6.06 (Tamura et al., 2013) , and data was then used to create Fig. 1 (16S rRNA genes) and Fig. 2 (rpoB genes) . 16S rRNA and rpoB gene sequences deposited in Genbank are listed in Table 1. DNA-DNA hybridization was done using the microplate method of Ezaki et al. (1989) , as amended by Goris et al. (1998) , where hybridizations (four replicates) were done in the presence of 50 % formamide. Reciprocal reactions (A Â B and B Â A) were performed for each DNA pair and variations observed were within limits ascribed to this method (Goris et al., 1998) Corynebacterium oculi Ghent R-50078 (KJ938706)
Corynebacterium oculi Ghent R-50081 (KJ938714)
Corynebacterium oculi Ghent R-50079 (KJ938713)
Corynebacterium oculi Ghent R-49841 (KJ938712)
Corynebacterium oculi Ghent R-50077 (KJ938711)
Corynebacterium oculi Ghent R-50076 (KJ938710)
Corynebacterium oculi Ghent R-50187 T = LMG 28277 T (KJ938709)
Corynebacterium oculi Ghent R-50080 (KJ938708)
Corynebacterium oculi Ghent R-50075 (KJ938707)
Corynebacterium lowii Ghent R-50084 (KJ938704)
Corynebacterium lowii Ghent R-50085 T = LMG 28276 T (KJ938705) Fig. 1 . Relationship of nearly full-length 16S rRNA gene sequences inferred by the neighbour-joining method. Topography assessed by bootstrap analysis of 1000 replicates. Bar, 0.01 substitutions per nucleotide position. Sequences obtained from Genbank derived from type strains of other species of the genus Corynebacterium shown in contrast (all with <95 % identity to C. mastitidis). Sequences with asterisks were described by Eguchi et al. (2008) for 'C. mastitidis-like' strains. The sequence from the type strain of Rhodococcus equi is shown as an outgroup. GenBank accession numbers are given parentheses. C. lowii and C. oculi have approximately 97.5 % identity to each other, 98 % to C. mastitidis and <98 % to all other species of the genus Corynebacterium shown here. T , C. lowii R-50085 T and C. oculi R-50187 T ranged from 31 to 34 %, indicating that these three taxa were not closely related at the species level.
DNA G+C content was determined using the HPLC method as outlined by Mesbah & Whitman (1989) using a Waters Breeze HPLC system and an XBridge Shield RP18 column. The solvent used was 0.02 NH 4 H 2 PO 4 (pH 4.0) and 1.5 % (v/v) acetonitrile. Non-methylated lambda phage (Sigma) and E. coli DNA were used as calibration reference and control, respectively. DNA G+C contents for C. mastitidis LMG 19040 T , C. lowii R-50085 T and C. oculi R-50187 T were found to be 67.8 %, 62.2 % and 64.1 % respectively and values were consistent with those described for species of the genus Corynebacterium (Bernard & Funke, 2012) . DNA G+C content information had not been described previously for C. mastitidis (Fern andez-Garayzabal et al., 1997).
The putative novel species were further examined using whole-genome sequencing (WGS), in order to do comparative genome analyses with closely related species of the genus Corynebacterium. C. lowii strain R-50085 T and C. oculi strain R-50187 T were grown on SBA after growth for 48 h at 35 C in 5 % CO 2. DNA was isolated using the TruSeq Nano DNA HT Sample Preparation Kit as per the manufacturer's (Illumina) protocols. Libraries were prepared using Nextera kits and sequenced using paired-end and mate-pair sequencing by synthesis (2Â300 cycles) on a MiSeq instrument, according to the manufacturer's protocols (Illumina). Average read coverage exceeded 120-fold when paired-end and mate-pair sequence reads were combined, based on a genome size of approximately 2.4 Mb. Paired-end and mate-pair Illumina reads were analyzed using FLASH (Fast Length Adjustment of Short Reads), to extend reads by finding overlaps between reads (Magoc & Salzberg, 2011). These reads were then modified to be as long as the original DNA sequence. This method helps to decrease the number of contigs obtained during assembly using SPAdes (ver 3.1.1) (Bankevich et al., 2012) . Assembled contigs were passed through the filter SPAdes repeats script to produce a FastA file of contigs with no repeats. The scaffolding backbone was created using Sspace [version 2.0.0, (Boetzer et al., 2011) ] where default settings were used except that the minimum overlap required for combining adjacent contigs was adjusted from 15-32 bases and the standard deviation of the insert size was changed from 0.5-0.75. GapFiller (http://www.baseclear.com/bioinformatics-tools/. ver 1.11) was used to close gaps between the contigs within the scaffold. Mate-pair data and scaffolds were used with default settings except for changing the aligner from Bowtie to Burrows-Wheeler Aligner (BWA).
C. lowii strain R-50085
T assembled into two scaffolds 1 591 639 and 766 680 bp (2 358 319 bp total) with 62.8 % G+C content, 2249 CDS, 52 tRNA sequences, four rRNA regions and without a detectable extracellular DNA or any integrated phage or genomic islands. There was one 17.1 Kb suspect prophage identified for C. lowii strain R-50085 T , having 61.9 % G+C content. This prophage is composed of 13 phage-related proteins with homology to Rhodococcus phage RRH1 and two hypothetical proteins. 
Corynebacterium oculi R-50081 (KJ938702)
Corynebacterium oculi R-50187 T (KJ938697)
Corynebacterium oculi R-50080 (KJ938696)
Corynebacterium oculi R-50079 (KJ938701)
Corynebacterium oculi R-50078 (KJ938694)
Corynebacterium oculi R-50077 (KJ938699)
Corynebacterium oculi R-50076 (KJ938698)
Corynebacterium oculi R-49841 (KJ938700)
Corynebacterium oculi R-50075 (KJ938695)
Corynebacterium lowii R-50084 (KJ938692)
Corynebacterium lowii R-50085 T (KJ938693) C. oculi strain R-50187 T assembled into two scaffolds 2 418 256 and 18 749 with 64.8 % G+C content, 2342 CDS, 49 tRNA sequences and four rRNA regions, but no prophages were found.
The DNA G+C content results of 62.8 % and 64.8 % obtained in this study by WGS were consistent with the values of 62.2 % and 64.1 % for C. lowii R-50085 T and C. oculi R-50187 T , respectively, obtained here after using an HPLC approach. Also, the WGS G+C content for C. mastitidis, described previously as 69.0 % for DSM 44356 T (http:// www.ncbi.nlm.nih.gov/genome/14365) was found to be similar to the value of 67.8 % found here by HPLC for LMG 19040 T .
The 16S rRNA gene sequencing results, which suggested a close but distinct relationship to C. mastitidis for the two novel species (Fig. 1) , were further supported by ANIb analysis, calculated using jSpecies (Richter & Rossello-Mora, 2009 ). Based on ANIb comparisons, C. mastitidis LMG 19040 T was found to have 82.73 % and 82.53 % relatedness to C. lowii and C. oculi respectively, with all other comparisons with members of the genus Corynebacterium having ANIb values of <80 % (data not shown), further supporting the creation of two novel species for these two isolates, based on a proposed ANIb threshold value of over approximately 95-96 % for members of the same species (Richter & Rossello-Mora, 2009 ).
C. atypicum, a species initially thought to be negative for the presence of mycolic acids after testing using TLC (Hall et al., 2003) , was later found using TLC (Wiertz et al., 2013) and genetically (Tippelt et al., 2014) to possess the proteins required for the synthesis of mycolates. Here, a comparison after WGS revealed that both C. lowii R-50085 T and C. oculi R-50187 T possessed proteins required for mycolic acid synthesis, with homologies ranging from 55 to 80 % protein identity among those proteins examined (data not shown). Our analysis confirmed that C. amycolatum (Collins et al., 1988) and C. kroppenstedtii (Collins et al., 1998) do not have the proteins required for mycolic acid production as previously reported (Tippelt et al., 2014) , but C. caspium and C. ciconiae, described as being mycolic-acid-negative Fernandez-Garayzabal et al., 2004) appeared to have mycolic acid synthesis capabilities after analysis of WGS data in this study.
In silico comparison of fatty acid synthase (FAS) proteins was also done, since these two novel species appeared to express lipophilism by standard phenotypic test methods. Fatty acid auxotrophy was confirmed genetically here, as only values with less than 40 % protein identity for FAS1 were detected in C. lowii R-50085 T or C. oculi R-50187 T . In comparison, species of the genus Corynebacterium found to be non-lipophilic (e.g. C. diphtheriae, C. glutamicum and C. atypicum) were positive (!60 % protein identity) for FAS1, whereas species previously identified as being lipophilic (C. jeikeium, C. kroppenstedtii and C. urealyticum) were found to be negative for FAS1 (<40 % protein identity) (data not shown).
In this report, the isolates considered as unidentifiable but most consistent with members of the genus Corynebacterium and most closely related, according to molecular identification methods, to the animal pathogen C. mastitidis, were studied. These isolates had been recovered from patients located in three countries who were being treated for ocular infections. After characterization by 16S rRNA and partial rpoB gene sequencing, two new distinct taxon groups were observed, differing from each other, from C. mastitidis and other species in this genus (Figs 1  and 2 ). Traditional DNA-DNA hybridization provided further evidence that three separate and unique species were represented among these isolates, with <32 % homology found among these taxa. WGS results reiterated those differences, as ANIb scores determined for these three species were 82 % identity to each other, being significantly below the approximately 95 % value found for members of the same species (Richter & RosselloMora, 2009 ).
These isolates, like C. mastitidis, were non-reactive or poorly or variably reactive with a wide variety of commonly-used biochemical test substrates. Some results, such as fermentation of mannose and trehalose were found to differ depending on method used. Use of the API Coryne panel incorrectly gave rise to moderate-to high-confidence identification values for C. pseudotuberculosis and C. macginleyi for these taxa. Misidentification as C. pseudotuberculosis as a possible response raises some concern. That species is not lipophilic, can produce diphtheria toxin and so is linked with possible heightened public health response if recovered (Bernard & Funke, 2012) . For these reasons, we recommend that definitive identification of these three species should include use of molecular methods, although the addition of specific entries for use with MALDI-TOF MS systems may also assist with correct identification of bacteria. If those options are not available, key features to assist with differentiation among these closely related species may include: isolation from human ocular sites, that they are slower growing, lipophilic, produce urease, are slowly reactive (tube substrates) for mannose and trehalose and variably reactive towards other substrates listed in Table 2 . The presence or absence of a-glucosidase and reactions observed for BIOLOG substrates as shown in Table S1 may also assist with identification. These taxa had biochemical, chemotaxonomic and DNA G+C content features consistent with members of the genus Corynebacterium (Bernard & Funke, 2012) and so on this basis we describe the novel species C. lowii and C. oculi, as well as providing an emended description of C. mastitidis.
Description of Corynebacterium lowii sp. nov.
Corynebacterium lowii (low¢i.i, N. L. gen. n. lowii, named after the late Canadian microbiologist, Dr Donald Low, for his many contributions to our understanding of microbiology and infectious diseases in Canada and around the world).
Short to medium-length Gram-stain-positive rods, occurring singly, in palisades, pairs or in V-shapes. Colonies are slow growing (<1 mm after 72 h), convex, smooth, opaque, grey-white or light beige and non-haemolytic. Strains grow in nutrient broth with or without 6 % NaCl, in tryptic soy broth or tryptic soy agar. Grows in air, 5 % CO 2, under strictly anaerobic conditions, at 37 C and 42 C but not at 25 C. Catalase positive, oxidase negative, non-motile, lipophilic and urease positive. Does not reduce nitrate to nitrite or nitrate to nitrogen; alkalinizes citrate and does not hydrolyze gelatin, tyrosine or aesculin. TSI slants are neutral/neutral without hydrogen sulphide being detected. CAMP-positive or reverse CAMP reactions not observed. Conventional tube sugars if utilized are slowly reactive (by 5 days); strains were positive for ribose but variable for tube substrates for glucose, fructose, sucrose, maltose and glycogen. Does not utilize (tube substrates) xylose, mannitol, lactose, galactose, glycerol, mannose, salicin or trehalose.
Using the BIOLOG panel, is reactive with turanose, glycerol, a-ketoglutaric acid, L-malic acid, Tween 40, a-ketobutyric acid, acetoacidic acid and acetic acid. Tetrazolium dye is reduced at pH 6 and in the presence of 1 % NaCl, 1 % sodium lactate, nalidixic acid and potassium tellurite. Table 2 .
Enzymes detected (API ZYM) include alkaline phosphatase, acid phosphatase, esterase, esterase lipase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase. Lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase were not detected; pyrazinamidase (PYZ) pyrrolidonylarylamidase (PYRa), b-glucuronidase, b-galactosidase, a-galactosidase and N-acetyl-b-glucosaminidase (from the API Coryne panel) were not detected.
Major cellular fatty acids were C 16 : 0 , C 18 : 1 !9c and C 18 : 0 and TBSA was not detected. D-lactic acid methyl esther, L-lactic acid, citric acid, a-ketoglutaric acid, L-malic acid, a-hydroxybutyric acid, b-hydroxy-DL-butyric acid, aketobutyric acid, acetoacetic acid and acetic acid; in sensitivity tests, tetrazolium dye was reduced or was variable for growth at pH 6 and in 1 % NaCl, 1 % sodium lactate, nalidixic acid, lithium chloride, potassium tellerite, aztreonam and sodium butyrate. Not reactive with b-methyl-D-glucoside, D-salicin, D-galactose, D-arabitol, glycyl-L-proline, Daspartic acid, L-glutamic acid, L-histidine, L-pyroglutamic acid, L-serine, pectin, D-galacturonic acid, D-glucuronic acid, glucuronamide, methyl pyruvate, D-malic acid and Tween 40; tetrazolium dye was not reduced in the presence of 4 % and 8 % NaCl. Non-reactive for 42 other substrates outlined in Table 2 . Enzymes detected (API ZYM, ranging from weak to strong) include esterase, esterase lipase, leucine arylamidase, a-glucosidase and alkaline phosphatase. Variable for acid phosphatase and naphthol-AS-BIphosphohydrolase. Lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase, a-fucosidase (API ZYM); pyrazinamidase and pyrrolidonylarylamidase (API Coryne) were not detected.
Major cellular fatty acids were C 16 : 0 , C 18 : 1 !9c and C 18 : 0 and TBSA was not detected.
The type strain is R-50187 T (= TVRM83/2006F4/44 T =NML 130210 T =LMG 28277 T =CCUG 65816 T ) recovered from human eye infections. DNA G+C content of the type strain is determined to be 64.1 % (HPLC) and 64.8 % (WGS). The whole genome shotgun project was deposited under Genbank accession number LKST00000000, the genome size was 2 418 256 bp with no prophage detected. Mycolic acid synthesis and fatty acid auxotrophy were inferred in silico.
Emended description of Corynebacterium mastitidis
As described previously (Fern andez-Garayzabal et al., 1997) except that conventional tube sugars if utilized are slowly reactive (by five days) for glucose, sucrose, maltose, fructose, glycogen, mannose, ribose, salicin and trehalose. Does not utilize (tube substrates) xylose, mannitol, lactose, galactose and glycerol. Tube aesculin may be positive. Reactions for pyrazinamidase (PYZ) and alkaline phosphatase (API Coryne) are observed to be negative in this study. Using the BIOLOG system, reactive with dextrin, D-maltose, D-trehalose, sucrose, turanose, b-methyl-D-glucoside, D-salicin, Dglucose, D-mannose, D-fructose, D-arabitol, glycerol, L-glutamic acid, L-serine, pectin, L-lactic acid, citric acid, aketoglutaric acid, L-malic acid, acetoacetic acid and acetic acid; Tetrazolium dye was reduced at pH 6 and in the presence of NaCl at 1 %, 4 % and 8 %, 1 % sodium lactate, nalidixic acid, lithium chloride, potassium tellurite, aztreonam and sodium butyrate. This species is non-reactive to D-galactose, 3-methyl glucose, inosine, D-sorbitol, D-glucose 6-phosphate, D-fructose 6-phosphate, D-serine (D9), glycyl-L-proline, D-aspartic acid, L-histidine, L-pyroglutamic acid, galacturonic acid, D-glucuronic acid, glucuronamide, methyl pyruvate, D-lactic acid methyl ester, D-malic acid, Tween 40, a-hydroxybutyric acid, b-hydroxy DL-butyric acid and a-ketobutryric acid as well as 42 substrates listed in Table 2. DNA G+C content was determined here to be 67.8 % for LMG 19040 T (HPLC) and 69.0 % for DSM 44356 T (by WGS) (http://www.ncbi.nlm.nih.gov/genome/14365).
